Coexistence of neurotransmitters within single nerve fibers or terminals can be convincingly demonstrated by the use of multicolor immunofluorescence. The present study examined whether three-color immunocytochemical localization of mexisting neurotransmitters can be performed using the blue fluorophore AMCA. Spectrofluorometric examination of sefondary antibodies conjugated with AMCA, fluorescein, and lissamine rhodamine showed that the peaks of excitation and emission were well separated and that dots of AMCA-conjugated IgG dried on slides were not visible when v i 4 using microscope filters for rhodamine and fluorescein. These findings suggest that AMCA might be suitable for three-color immunofluorescence. The usefulness of AMCA for triple labeling was tested directly by staining sections of rat brainstem and spinal cord for serotonin (5HT), substance P (SP), and either enkephalin (ENK) or prepro-' Berkenbosch F, SchipperJ, Tilders FJH (1986): Corticotropin-releasing factor immunostaining in the rat spinal cord and medulla oblongata: an unexpected form of cross-reactivity with substance P. Brain Res 39987 Berkenbosch F, Steinbusch H W M (1987): Histamine-immunostaining in the rat median eminence: an unexpected form of cross-reactivity with LH-RH. Brain Res 405:353 Claassen E, Boorsma DM, Kors N, van Rooijen N (1986): Double-enzyme conjugates. producing an intermediate color, for simultaneous and direct detection of three different intracellular immunoglobulin determinants with only two enzymes. J Histochem Cytochem 34:423 Coons AH (1956): Histochemistry with labeled antibody. Int Rev Cytol 5:l Costa M, Furness JB, Gibbins IL (1986): Chemical coding of enteric neurons.
Introduction
The coexistence of two neurotransmitters within single neural processes has been demonstrated using simultaneous two-color fluorescence immunocytochemistry with the red and green fluorophores rhodamine and fluorescein (Wessendorf and Elde, 1981; Erichsen et al., 1982; Grimmelikhuijzen et al., 1982) . However, there are instances in which at least three putative neurotransmitters coexist within the same cell (see, e.g., Johansson et al., 1981) . In such thyrotropin-releasing hormone 160-169 (ppT), a marker peptide for thyrotropin-releasing hormone. Triple labeling for 5HT, SP, and ppT was observed in both brainstem and spinal cord but was only very rarely observed for 5HT,SP, and ENK. No evidence was found for artifactual triple labeling, although false negatives appeared to be possible in some circumstances. We condude that AMCA can be combined with fluorescein and lissamine rhodamine for three-color immunofluotescent studies of axxisting neurotransmitters. In addition, the a d s t e n c c of 5HT with ENK appears to be much less common than the coexistence of 5HT with either SP or ppT. (J Hisrochem Cytochem 38:1859 -1877 , 1990 ) KEY WORDS: Serotonin; 5-hydroxytryptamine; Substance P; Thyrotropin-releasing hormone; TRH; Enkephalin; Fluorescence immunocytochemistry; Coexistence. cases, three-color immunofluorescence would be useful for examining patterns of neurotransmitter coexistence. Recently, a method for three-color immunofluorescence was described (Staines et al., 1988) . These studies employed the blue fluorophore 7-diethylamino-3-(4-isothiocyanotophenyl)-4-methylcoumarin (also referred to as diethylaminocoumarin or DAMC by some manufacturers (Organon Teknika-Cappel, personal communication) in combination with green and red fluorophores (Meister and Hokfelt, 1988; Small et al., 1988; Staines et al., 1988; Staines et al., 1986) .
Another blue-fluorescing compound exists that also appears to be suitable for immunofluorescence studies of coexisting neurotransmitters: 7-amino-4-methylcoumarin-3-acetic acid (AMCA) (Nederlof et al., 1990; 1989; Sasek et al., 1990; Wessendorf et al., 1987a; Khalfan et al., 1986) . Recently, a method combining fluorescein, tetramethylrhodamine, and AMCA for non-radioactive in situ hybridization was described (Nederlof et al., 1989, WO) , suggesting that AMCA is useful for multicolor fluorescence microscopy. However, the question remains whether the fluorescence of AMCA can be sufficiently differentiated from that of other fluorophores to allow specific staining of three different substances occuring in variable amounts within single structures. The present study tested the applicability of AMCA to three-color fluorescence immunocytochemical staining of coexisting neurotransmitters. It was found that conjugates of AMCA, fluorescein, and lissamine rhodamine could be well differentiated using standard microscope filters. In addition, the specificity of two particular methods in which these fluorophores were used for simultaneous three-color immunofluorescent staining was examined, the first method being for the staining of serotonin (SHT), substance P (SP), and preprothyrotropinreleasing hormone 160-169 (ppT) , and the second being for the staining of SHT, SP, and enkephalin (ENK). It was found that both of those methods appeared capable of demonstrating the coexistence of neurotransmitters specifically.
Materials and Methods
Prqnratioa of Tissue. Sprague-Dawley rats weighing 100-175 g (Bio-Lab; St Paul, MN) which were either untreated, treated with colchicine, or treated with trytophan and a monoamine oxidase inhibitor were used in these studies. or kctaminel xyluine-anesthetized (90 mglkg ketaminc, 13 mglkg xyluine) rats were prc-treated with colchicine (50 pg in 10 pI of 0.9% saline; Sigma, St Louis, MO) by intraventricular administration to increase levels of neurotransmitters in neuronal somata. They were allowed to survive 2 days before sacrifice. Rats were treated with trytophan and a monoamine oxidase inhibitor (tranylcypromine 60 mglkg given 90 min before sacrifice; tryptophan 300 mglkg given 60 min before sacrifice; both drugs were obtained from Sigma) to increase levels of 5HT in neuronal somata without increasing the levels of other neurotransmitters.
Rats were sacrificed while anesthetized with chloral hydrate (350 mglkg). Animals were perfused through the ascending aorta with Ca"-free Tyrode's solution followcd by 700 ml of Zunboni's fixative (Stephanini et al., 1967) . Brains and spinal cords were removcd and post-fixed for 90 min in the same fixative, after which they were placed in a solution of 5 % (wlv) sucrose in Sorenson's phosphate buffer (pH 7.2). Tissues were stored at 4'C in this solution for 1-5 days before sectioning. Samples of brain or spinal cord were then embedded in gum tragacanth (15% wlv in Sorenson's phosphate buffer containing 5 % wlv sucrose) in plastic embedding cups; the blocks were frozen using a two-step procedure to minimize cracks. First, the bases of the embedding molds were placed in liquid nitrogen until the block was approximately 80% frozen. After this, freezing was completed by burying the block in powdered dry ice. Tissue was sectioned at a nominal thickness of 10 pm using a cryostat microtome (Bright Instruments; Huntingdon, UK). Frozen sections were thaw-mounted on gel-coated slides and either stained immediately or stored dessicated at -2O'C until processed.
I m m u n q o c h w .
Sections processed for simultaneous three-color fluorescence immunocytochemistry were first rehydrated using PBS (0.05 M NaHzPO4,O.l M NaCl, pH 7.2), and then incubated ownight with a mixture of primary antibodies. This consisted of 970 pI PBS-0.3% Triton X-100 (PBS-Triton; Triton X-100 obtained from Sigma) to which had been added 10 p1 goat anti-5HT (INCSUR, Stillwater, MN; cat. #43H2TG), 10 p1 rat anti-SP (SeraLab, Crawley Down, UK; cat. #MAS 035b), and cither 10 pl rabbit anti-ENK (Micevych and Elde, 1980) or 10 pl rabbit anti-ppT, a marker peptide for thyrotropin-releasing hormone (TRH)-containing neurons (Wessendorf et al., 1987b) .
After incubation, sections were washed three times in PBS (10 min per wash) and incubated with the mixture of secondary antibodies. This mixture consisted of 33 pl lissamine rhodamine-conjugated swine anti-goat IgG (U-SWAG Ego, Burlingame, CA; cat. #6301), 33 pl fluorescein-conjugated swine anti-rabbit IgG (FL-SwARb; Dako, Santa Barbara, CA; cat. #F205), and 0.2 mg AMCA-conjugated swine anti-rat IgG (AMCA-SwARt: see below) to which PBS-Triton was then added to bring the find volume to 1 ml. Sections were incubated ovcrnight with this mixture, washed three times in PBS (10 minlwash), and covcred with a covcnlip using a fideretarding mounting medium (Johnson and Nogueira Araujo, 1981) .
Microscopy. Immunocytochemically stained sections were viewed using a Zeiss Standard fluorescence microscope using x 10 (0.32 ma.) and x 25 (0.65 n.a.) planapochromat objectives and a x 40 (0.9 n.a.) waterimmersion planfluorite objective. AMCA was visualized using transmitted darkfield illumination employing a 1.2 n.a. oil-immersion condenser and a 200-W mercury light source. A 324-388 nm bandpw filter was used for exciting AMCA and a 410-490 nm bandpass barrier filter was used to limit emission to violet blue. Fluorescein and lissaminc rhodamine were visualized using reflected illumination and a 50-W mercury light source. A 450-490 nm bandpw filter was used for exciting fluorescein, and a 520-560 nm bandpass barrier filter was used to limit emission to green. A 534-558 nm bandpass filter was used for exciting lissamine rhodamine, and a 590 nm longpw filter was used to limit emission to orangelred. Color photomicrographs were made using Kodak Ektar 1000 film; black-and-white photomicrographs were made using gas-hypersensitized Kodak Technical Pan film #2415 (Easunan Kodak; Rochester NY) (Smith, 1986) produced using a commercially available kit (Lumicon; Burlingame, CA).
Computer-assisted Image Analysis. To compare the numbers of immunoreactive structures resulting from triple staining with those resulting from single staining using the same reagents, computer-misted image analysis was used. Fluorescent images were captured using a silicon-intensified target video camera (Series 68, MK 11; Dage-MTI, Michigan City, IN) mounted on a microscopr (model BH-2; Olympus USA, Lake Success, NY) equipped for reflected illumination of fluorescently labeled tissue. (The filters employed were similar to those for the Zeiss microscope described above). Gain and offset on the camera were controlled using the 'Auto" setting. Three images of each region of interest were digitized and averaged, and the number of pixels whose brightness was above a threshold level was counted (System 575 Softwuc; International Imaging Systems, Milpitas, CA). The intensity used for threshold was derived empirically and was kept constant when examining comparable sections of singly stained and triply stained tissue.
The number of stained varicosities were estimated by counting the number of groups of pixels that were brighter than the threshold intensity. A group was defined as consisting of at least 1, but not more than the number P contiguous pixels. If more than P pixels were contiguous, the number of contiguous pixels was divided by P and the dividend (or the dividend plus 1, if there was any remainder) was taken to equal the number of varicosities. The value of P was an approximation of the largest size in pixels that a structure judged to be a single varicosity would appear. As a result, the size of P was a function of magnification. For a x 40 objective the value used for P was 11 and for a x 20 objective the value used for P was 8. Statistical comparisons between estimated numbers of varicosities in singly stained and triply stained tissue were made using a paired t-test, with significance defined as p<o.o>.
Production of the Secondary Antiscrum to rat IgG. Weanling pigs (c, 20 kg) were administered IM injections consisting of 1 ml of a solution of rat IgG (Walgene Laboratories; Arcadia, CA) to which had been added 25 pg ofthc synthetic adjuvlnt avridinc (Pfizer; Groton, CT) Uensen, 1986) .
The IgGlavridine solution was emulsified with 2 ml20% soybean oil cmulsion (Intralipid; KabiVitrum, Alameda, CA) before administration. For initial immunizations the IgG solution consisted of 1 mg IgGlml PBS; for the final immunization 10 mg IgGlml PBS was used. The interval between subsequent immunizations was 2-4 weeks. Seven to 10 days after an immunization blood was drawn from the anterior vena cava. The blood was allowed to clot, the serum decanted, and the serum tested for reaction with Excitation spectrum was scanned while measuring emission at 575 nm. Emission spectrum was scanned while exciting at 375 nm. (C) Excitation and emission spectra for LR-SWAG. Excitation spectrum was scanned while measuring emission at 625 nm. Emission spectrum was scanned while exciting at 485 nm. Note that although the filter for excitation of AMCA-SwARt is capable of weakly exciting FL-SwARb and LR-SWAG, the bandpass of the AMCA emission filter almost completely excludes the light emitted by those fluorophores (B,C). Similarly, although the bandpass of the excitation filter for FL-SwARb is capable of exciting LR-SWAG, the bandpass of the emission filter for FL-SwARb largely excludes the emission of LR-SWAG (C). Thus, "bleed-through" (e.g., LR-SWAG being visible through the fluorescein filters) would be expected to be minimal using this combination of fluorophores and filters. Note also that although the rat IgG using the Ouchterlony double-diffusion technique (Ouchterlony, 1967) .
Isolation of Swine Anti-rat IgG. The IgG fraction of the swine antiserum to rat IgG was isolated by precipitation of non-IgG serum proteins f o l l w d by precipitation of the IgG. Non-IgG serum proteins were precipitated using the rivanol method (Horcjse and Smetana, 1956) . Whole semm was diluted to reduce chloride concentration by addition of one volume of serum to an equal volume of 0.1 M NaHzP04 that had been brought to pH 7.2 with NaOH. Next, an equal volume of 2% (wlv) rivanol (6,9-diamino-2-ethoxyacridine lactate; Sigma) was added dropwise with continuous stirring. The solution was allowed to stir for 30 min; it was then centrifuged (10,000 x g, 10 min), and the precipitate was discarded. Excess rivanol was removed from the supernatant by precipitation with chloride: NaCl(O.15 glml undiluted serum) was added to the supernatant and the solution was stirred for 10 min. After this the precipitated rivanol was removed by centrifugation (10,000 x g, 10 min) f o l l w d by filtration (0.45 wm pores). Finally, the IgG fraction was precipitated with 50% saturated N h S 0 4 (Patras and Stone, 1961): the filtrate from the rivanol precipitation step was cooled on ice and stirred, and to each 100 ml of filtrate was added 100 ml ice-cold saturated m s 0 4 . The resulting solution was stirred on ice for 30 min, after which the IgG fraction was separated by centrifugation (10,000 x g, 10 min). The pellet was dissolved in a small volume of borate-buffered saline (BBS: 0.05 M borate, 0.1 M NaCI, pH 8.5) and dialyzed against BBS to remove residual ammonium ion that might interfere with the conjugation reaction (2 literslchange; three changeslday; 2 days) (Spectropor #2 tubing: Spectrum Medical Industries, Los Angeles, CA).
The concentration of protein in the dialysate was determined by absorbance spectroscopy at 280 nm (Wessendorf et al.. 1990a) , and the dialysate was stored at -2O'C until conjugated.
Conjugation of Swine Anti-rat IgG with AMCA. To conjugate AMCA to swine anti-rat IgG, a variation of previous protocols was used (Wessendorfct al., 1987a; Khalfan et al., 1986) . AMCA-N-hydroxysucciide (cat. #800/07, lot number 133-082; BioCarb AB, Lund. Sweden). 10 mglml in dimethylsulfoxide (Sigma) was added to a solution of 7.5 mglml SwARt IgG in BBS to achievc a concentration of 500 pglml. This mixture was mechanically stirred and allowed by react in darkness for 2 hr at room temperature. Next, the reaction solution was centrifuged (13,600 x g, 3 min) to remove precipitate formed during the reaction. Because preliminary experiments had indicated that much ofthe conjugate would precipitate within 24 hr if left in liquid form, the more rapid method of gel chromatography was employed to remove unconjugated AMCA rather than dialysis as in previous studies (Wessendorf et al., 1987a; Khalfan et al.. 1986 ). BioGcl P-4 (Bio-Rad; Richmond, CA) was used (column size 2.5 x 40 cm), cluting with PBS. The fraction containing the conjugate was identified using fluorescence detection and was immediately frozen to prevent its precipitation. The ratio of moles fluorophore to moles protein for the conjugate was 31:l (Wesscndorf et al.. 1990a. b).
Spectrofluorometry. The fluorescence excitation and emission spectra of AMCA-SwARt, FIE-SwARb, and LRSC-SWAG were generated using a spectrofluorometer (Fluorolog 222; Spex Industries, Edison, NJ). Excitation spectra were generated by measuring emission intensity as a function of excitation wavelength: emission intensity was measured at a single waveemission of AMCA-SwARt overlaps to a degree with that of FL-SwARb and LR-SWAG, the bandpasses of the excitation filters for FL-SwARb and LR-SWAG are outside the range of excitability for AMCA-SwARt (A). Similarly, although the emission of FL-SwARb overlaps to a degree with the bandpass of the emission filter for LR-SWAG, the bandpass of the excitation filter for LR-SWAG is largely outside the range of excitability for FL-SwARb (e). Thus, "type two" artifacts (Wessendorf, 1990) , from which AMCA-SwARt might appear green using the fluorescein filters or FL-SwARb might appear red using the rhodamine filters, would be expected to be minor using this combination of fluorophores and filters. length on the "shoulder" of the emission peak. Similarly, emission spectra were generated by measuring emission intensity as a function of emission wavelength while exciting at a point on the "shoulder" of the excitation peak. Excitation spectra were corrected for wiations in lamp intensity using a rhodamine standard (Lakowicz, 1983) .
Results

Applicability of AMCA to Fluorescent Trr)le La beling
Spectrofluorometric Properties of the Fluorophores. Spectrofluorometric observations of the three fluorophores are illustrated in Figure 1 . AMCA-SwARt was maximally excited at 349 nm and its wavelength of greatest emission intensity was 448 nm (violetblue; Figure 1A ). However, it continued to emit light through the green, yellow, and orange portions of the spectrum, almost to 600 nm. FCSwARb was maximally excited at 496 nm ( Figure 1B) and was also excited by near-ultraviolet wavelengths such as were used to excite AMCA. The wavelength of greatest emission for FCSwARb was 520 nm, but emission ranged from under 500 nm (blue) to over 600 nm (red). LR-SWAG was maximally excited at 571 nm, but it it was also weakly excited by uv and blue wavelengths such as were used to excite AMCA and fluorescein, respectively ( Figure  IC) . The emission of LR-SWAG ranged from below 550 nm (green) to over 700 nm (deep red), with the peak of intensity at 592 nm. These observations agree well with previous studies (Nederlof et al., 1989; Khalfan et al., 1986; Hansen, 1967) .
Specificity of the Fluorophores in the Context of the Miaoscope Filters Employed. The spectrofluorometric data suggested the possibility that some of the fluorophores used in these experiments might be capable of mimicking the appearance of other fluorophores, e.g., that AMCA-SwARt might sometimes appear green. However, whether the fluorophores actually would do so would depend not only on their spectrofluorometric properties but also on the characteristics of the filters used to vim the fluorophora through the microscope. Specificity of the fluorophores with respect to the microscope filters was m i n e d in two ways: first, by comparing the spectra of the fluorophores to the transmission of the filters used in these studies, and second, by attempting to visualize each of the three fluorophores using each of the three sets of filters employed in this study.
The transmission of the filters relative to the excitation and emission spectra of the fluorophores is also shown in Figure 1 . With respect to visualization of AMCA, although the emission filters for fluorescein (and possibly those for rhodamine) appeared able to transmit some of the emission of AMCA, neither the excitation filters for fluorescein nor those for rhodamine appeared capable of exciting AMCA ( Figure 1A) . With respect to the visualization of fluorescein, the excitation filter for AMCA appeared capable of exciting fluorescein to some degree, but the emission filter for AMCA appeared likely to transmit only a minimal part of the emission of fluorescein ( Figure 1B) . The rhodamine emission filter appeared capable of transmitting the red portion of fluorescein emission, but the excitation filter for rhodamine appeared unlikely to excite fluorescein ( Figure 1B) . With respect to the visualization of lissamine rhodamine, both the fluorescein filters and AMCA filters appeared capable of exciting lissamine rhodamine. However, the emission filters for fluorescein appeared likely to block most, if not all, of the emission of lissamine rhodamine ( Figure IC) . The emission filters for AMCA appeared likely to block all of the emission of lissamine rhodamine ( Figure IC) . These data suggested that AMCA would be visible only using its own filters but that fluorescein might be visible through the filters for AMCA or for rhodamine. In addition, lissamine rhodamine might be visible through the filters for fluorescein,
In the second set of tests, small droplets of the fluorophoreconjugated secondary antibodies used in these studies were dried onto glass slides and examined using the fluorescence microscope. This test was employed to provide a strong fluorescent signal with a minimum of background, thus maximizing the chances of observing any artifacts. Droplets of each of the fluorophore-conjugated antibodies were used; for comparison, a goat antibody to guinea pig IgG that was conjugated with tetramethylrhodamine (Organon Teknika-Cappel; West Chester, PA) was also examined. The dried droplets were examined without having been covered with a coverslip, to avoid dissolution of the droplets in the coverslip mounting medium. Results are shown in Figure 2 . AMCA appeared to be a highly specific fluorophorc using the present filters ( Figure  2A ). It fluoresced bright blue when the filters for AMCA were used but remained invisible using the filters for fluorescein or rhodamine. Fluorosccin fluoresced bright green using the fluorescein filters but was invisible using the filters for AMCA; it was faint red using the filters for rhodamine ( Figure 2B ). (The red emission of fluorescein appeared to be fainter than the usual red background fluorescence of lissamine rhodamine-stained tissue, however.) Lissamine rhodamine fluoresced bright red using the filters for rhodamine and was invisible using the filters for AMCA, but was very faint green using the filters for fluorescein ( Figure 2C ). (Similarly, the green emission of lissamine rhodamine appeared to be fainter than the usual green background fluorescence of fluorescein-stained tissue.) In contrast, tetramethylrhodamine was visible using all three sets of filters ( Figure 2D ). With the rhodamine filters it fluoresced bright red, with the filters for fluorescein it appeared green with a moderate intensity, and with the filters for AMCA it faintly fluoresced blue. These findings suggested that lissamine rhodamine is preferable to tetramethylrhodamine for three-color immunofluorescence. In addition, these findings suggested that fluorescein and lissamine rhodamine are visible to only a minimal extent using the "inappropriate" filter sets, and that AMCA combined with fluorescein and lissamine rhodamine might be usdul for threecolor fluorescence immunocytochemistry using the present set of microscope filters.
Immunofluorescent Triple Labeling
Observations. Reagents conjugated with AMCA appeared to be useful for triple labeling when combined with fluorescein and lissamine rhodamine conjugates. In single sections of brainstem sampled from colchicine-treated rats and stained for 5HT, SP, and ppT, individual somata were frequently observed which emitted red, green, and blue light when viewed with the filters for rhodamine, fluorescein, and AMCA, respectively ( Figure 3A) . In addition, single somata were occasionally observed that were triply labeled for IHT, SP, and ENK (Figure 3B ). However, in most of the Goat anti-guinea pig IgG conjugated with tetramethyl rhodamine, similarly prepared and examined. Left, middle, and right columns show appearances of the various fluorophores when observed using the microscope filters for AMCA. fluorescein, and rhodamine, respectively. Exposure times in seconds are given for each photomicrograph; photos were printed to maximize contrast. Note that fluorescein faintly fluoresces red using the filters for rhodamine, and that tetramethylrhodamine can appear red, green, or blue depending on the filter sets employed. . Figure 3 . Triply stained sections of rat brainstem. Figure 3C ). Similarly. fibers and varicosities were frequently observed that fluoresced red, green, and blue in sections of spinal cord stained for 5HT. SP, and PPT. Such stmctures were especially common in the ventral horn (Figure 4 ), wherein hundreds of examples could be observed per section, and in the intermediolateral nucleus (Figure 5 ) . In both of these regions, proccsscs in which coexistence occurrcd were frequently found apposed to cell somata (Figures 4  and 5 ) . In contrast, triple labeling was much less common in spi-nal cord sections stained for IHT, SP, and ENK, and no convincing examples were observed in the ventral horns of sections stained for 5HT, Sp, and ENK. However, processes doubly labeled for 5HT and SP or for SP and ENK could frequently be observed in sections stained for SHT, Sp, and ENK (Figure 6 ) .
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Control studies were undertaken to determine whether the multiple labeling observed was due to the presence of immunoreactivity for the neurotransmitters being studied or whether it was artifactual. These tested for the presence of three types of artifacts that could mimic triple labeling: lack of specificity of the fluorophores, lack of specificity of the secondary antisera, and lack of specificity of the primary antisera (Wessendorf, 1990; Costa et al., 1986; Wessendorf and Elde, 1985) .
Tests of the Specificity of the Fluorophores in Tissue. The specificity of the fluorophores with respect to the microscope filters was tested using tissue stained with AMCA-SwARt, FLSwARb, and LR-SWAG. As illustrated above, FLSwARb and LR-SWAG could appear faintly as "inappropriate" COIOK when the antibody conjugates were dried on slides. However, in tests in which tissue was stained (and background fluorescence was consequently higher), no artifactual labeling was visible. In testing the blue fluorophore AMCA. sections of the spinal cord dorsal horn were singly stained using rat anti-SP alone, followed by AMCA-SwARt alone. When the dorsal horn was examined using the filters for AMCA, the normal pattern of staining for SP was observed. When the same section was examined using the filters for fluorescein or for rhodamine, no staining whatsoever was observed (Figure 7) . Similarly, when sections of nucleus medianus raphe were stained with goat anti-5HT followed by LR-SWAG, fluorescence was observed using the rhodamine filters but not with either the AMCA filters or the fluorescein fdters. When sections of median eminence were stained with rabbit anti-ppT followed by FLSwARb, strong green fluorescence was observed using the filters for fluorescein. However, no emission was observed using the AMCA or rhodamine filters (not illustrated). The latter contrasts with an earlier report from this laboratory (Wessendorf and Elde, 1985) , and appears to be a consequence of using an excitation filter for rhodamine with a narrower bandpass. In summary, tissue stained with lissamine rhodamine, fluorescein, or AMCA was visible only using the appropriate filter sets.
Tests of the Specifcity of the Secondary Antibodies. The specificity of the secondary antibodies towards the primary antibodies employed in these experiments was tested as follows. AMCA-SwARt was applied to sections of medial habenula that had been incubated with rat anti-SP, to sections of nucleus medianus raphe that had been incubated with goat anti-SHT, to sections of median eminence that had been incubated with rabbit anti-ppT, and to sections of globus pallidus that had been incubated with rabbit anti-ENK. Regions in which immunoreactivity was strong were chosen so as to maximize the chance of observing inappropriate interactions. If AMCA-SwARt had affinity for primary antibodies raised in goat or rabbit, staining would haw been arpmed. Whereas strong staining was observed using AMCA-SwARt in combination with rat anti-SP (Figures 3-7) . no staining was observed using AMCA-SwARt in combination with primary antisera raised in rabbit or goat (Figure 8) . Similar results were observed in tests with the other two secondary antisera used in these studies (not illustrated). Therefore, none of the secondary antibodies appeared to crossreact with an "inappropriate" primary antibody.
The possibility that the secondary antibodies might have affinity for each other was also examined. Because the secondary antibodies appeared not to crossreact with "inappropriate" primary antibodies, affiity among the secondaries could be tested by staining tissue with a single primary antibody followed by all three secondary antibodies. Affinity of the FLSwARb and LR-SWAG for the AMCA-SwARt was tested by staining sections of medial habenula with rat anti-SP, followed by incubation with the mixture of all three Secondary antisera. If there cxisted any affinity of the R, SwARb or LR-SWAG for the AMCA-SwARt, it would be expected that double or triple labeling would be observed. In contrast, only blue single labeling was observed (Figure 9) . Similarly, there appeared to be no affinity of the other secondary antisera towards either FLSwARb or LR-SWAG (not illustrated).
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Tests of the Specificity of the Primary Antibodies. The possibility that multiple labeling might result from crossreactivity of the primary antibodies was also examined. Adjacent sections of medial habenula were singly stained using rat anti-SP, goat anti-SHT, rabbit anti-ENK. and rabbit anti-ppT, followed by the appropriate secondary antisera. Sp-LJ somata were found to be densely arrayed in this region. In contrast, few or no somata were visible when staining for 5HT. ENK, or ppT ( Figure 10) . The presence of SP-LI somata in this region and the fact that pre-pro-tachykinin mRNA has been localized to the medial habenula (Warden and Young, 1988) suggests that bona fide substance P (as opposed to some substance with which antibodies to SP crossreact) exists in the medial habenula. Thus, the lack of staining for SHT, ENK, or ppT strongly suggests that these antibodies do not crossreact with SP. Similarly, no evidence of crossreactivity was observed when regions rich in 5HT (nucleus medianus raphe) or ppT (median eminence) were stained for other substances. No regions were identified in which bona fide ENK existed that did not also contain SP; thus, this control was not used to test whether the antibody to SP crossreacted with ENK. Absorption controls were also used to test the possibility that the primary antibodies might crossreact with one of the other substances being localized. When rat anti-SP was pre-incubated with 10 pg SP/ml diluted antibody, staining was drastically reduced. Similarly, staining for 5HT. ENK, and ppT was greatly reduced when the working concentration of the antibody was treated with 10 pg of the homologous peptide (or 10 pg of 5HT conjugated to BSA, in the case of the 5HT antibody). However, pre-treatment of the rat anti-SP with either a mixture of ppT and 5HT-BSA conjugate at the same concentration or a mixture of ENK and 5HT-BSA conjugate at the same concentration had no effect (Figure 11 ). Similarly. it was found that staining using goat anti-5HT. rabbit anti-ENK, and rabbit anti-ppT was unaffected by incubation with the heterologous (i.e., "inappropriate") substances (not illustrated). These findings suggested that the primary antibodies stain only one of the substances being localized: the one against which they are directed.
The possibility that affinity of one of the primary antibodies for one or more of the other primary antibodies might result in artifactual triple labeling was also tested. This was accomplished by examining triply stained sections in regions in which only singly labeled structures were expected to occur. When single sections of habenula were stained for 5HT. SP, and ppT, or for SHT, SP, and ENK, brightly blue-fluorescing SP-labeled cell bodies were frequently observed. These cell bodies were never found to fluoresce either green or red, suggesting that there is no affinity of the other primary antibodies for the goat anti-SP (Figure 12) . Similarly, examination of nucleus medianus raphe (5HT-stained cell bodies) or of the median eminence (ppT-stained processes) showed no evidence for affinity among the various antibodies (not illustrated). Occasional examples of multiple labeling were found in controls employing sections of colchicine-treated medulla triply stained for SHT, SP, and ENK (see Figure 3B ). However, there appeared to be no direct relationship between the strength of staining for ENK in a cell and of that for 5HT and SP, as would be expected if the multiple labeling was the result of affinity among the primary antibodies ( Figure 3C ). Thus the primary antibodies appear to have . .
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I Figure 6 . Ventral hornlintermediate gray matter of rat spinal cord (segment S2) triply stained for 5HT. ENK. and SI? Through the microscope, staining for 5HT appeared red, staining for ENK appeared green, and staining for SP appeared blue. Note that processes doubly labeled for SHT and SP (straight arrows). and for SP and ENK (curved arrows) can be observed. However, triply labeled processes were not found in this section. Bar = 50 pm, no affinity for each other that would cause artifactual multiple labeling.
False Negatives. The controls described thus far were designed to test the possibility that instances of double or triple labeling were artifactual. However, it is also possible that instances in which triple labeling was not observed were artifactual, i.e., that the triplestaining protocols interfered with the efficiency of the staining. This question was examined separately for the combination of 5HT. SP, and ENK and for the combination of 5HT. SP. and ppT. Pairs of spinal cord sections were taken (10-pm sections, separated by 20 pm) and the first section was triply stained as described above for either the combination of 5HT, SP, and ENK or for the combination of 5HT, SP, and ppT. The second section of the pair was stained using only one of the three primary antibodies and the appropriate fluorophore-conjugated secondary antibody. The intensity of staining was then compared between corresponding pairs of singly stained and triply stained sections. In every case the singly stained tissue appeared slightly more intensely stained than the triply stained sections. However, although there appeared to be differences in the intensity of labeling in triply labeled sections, it was not clear that the detectability of positive staining was any less, i.e., that one would detect fewer processes in the triply stained tissue than in the singly stained tissue.
To test whether fewer processes were stained, computer-assisted image processing was employed. Images of the ventral horn (for comparisons of SHT, ENK and ppT staining) or of the region around the central canal (SP staining) from singly or triply stained tissue were digitized and the number of structures with staining more intense than the threshold were compared. In sections stained for 5HT. SP, and ppT, significantly fewer structures were stained per section for 5HT and ppT. However, no difference was observed for SP (Eble 1). In comparisons between tissue triply stained for 5HT, SP, and ENK and singly stained controls, no significant differences were observed in staining for SP or 5HT. However, differences were observed in ENK staining (Table 1) . Therefore, false negatives appear possible in some cases.
Discussion
There were four principal conclusions of this study. First, AMCAconjugated secondary antibodies are useful for performing simultaneous three-color fluorescence immunocytochemistry. Second, the three-color staining protocols described herein are capable of demonstrating coexistence of 5HT and SP with ENK or ppT without being vulnerable to artifactual multiple labeling. Third, false negatives are possible in triply stained tissue. Fourth, 5HT. SP, and ppT coexist within neurons and neuronal processes in the brainstem and within neuronal processes in the spinal cord ventral horn and intermediolateral nucleus. 5HT, SP, and ENK also coexist in a limited number of cell somata in the brainstem but coexist only rarely in the spinal cord.
AMCA as a Flzlorophore for Immunofluorescence
It has been recognized for several years that a blue-emitting fluorophore capable of covalently binding to immunoglobulins would be useful in immunocytochemistry (Haaijman. 1983) . In addition f-PI t , .
-' 1.
. .
. , .
. . t F Figure 8 . Test of the specificity of the secondary antibodies with respect to the "inappropriate" primary antibodies. (top) Test of affinity of AMCA-SwARt for rabbit anti-ENK. A section of globus pallidus from a colchicinstreated rat was incubated with the rabbit antibody against ENK as described in Materials and Methods. After rinsing, tissue was incubated either with FL-SwARb (CON) or with AMCA-SwARt (SwARt). If AMCA-SwARt had affinity for rabbit anti-ENK, staining would be expected. Note lack of staining using AMCA-SwARt. (Bottom) Test of affinity of AMCA-SwARt for goal antidHT. A section of nucleus medianus raphe from a rat pretreated with tryptophan and a monoamine oxidase inhibitor was incubated with the goat antibody against 5HT as described in Materials and Methods. After rinsing, the tissue was incubated either with LR-SWAG (CON) or with AMCA-SwARt (SwARt). If AMCA-SwARt had affinity for goat antiQHT, staining would be expected. Note lack of staining using AMCA-SwARt. Bar I 100 bm.
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to AMCA. at least two other blue fluorophores have been used for immunofluorescence: 4-acetamido-4'-isothiocyanato-stilbene-2,2'disulfonic acid (SITS) (Rothbarth et al.. 1978) and diethylaminocoumarin (Staines et al., 1986 (Staines et al., , 1988 . SITS has been used only infrequently in immunofluorescence studies and conjugates of it have been reported to be unsuitable for staining tissue sections (Rothbarth et al., 1978) . In contrast to SITS, robust staining of tissue sections has reportedly been obtained using either diethylaminocoumarin (Small et al., 1988; Staines et al., 1986 Staines et al., , 1988 or AMCA (Sasek et al., 1990; Nederlof et al., 1989 Nederlof et al., , 1970  Wcssendorfet al., 1987a; Khalfan et al., 1986) . AMCA-conjugated reagents are more widely available from commercial sources than those conjugated with diethylaminocoumarin, but to date no rigorous comparison of the two fluorophorcs has been made in terms of fluorescence and physical properties. As a result, the relative merits of AMCA as opposed to diethylaminocoumarin await clarification. However, it appears that the emission of diethylaminocoumarin overlaps more with that of fluorescein than does the emission of AMCA (compare Figure  1 of the present study and Nederlof et al., 1989 to Small et al., 1988) .
Methods of Three-color Immunocytochemistry
The present study describes a protocol for examining coexistence of neurotransmitters by means of three-color immunofluorescence histochemistry, using AMCA as a fluorophore. AMCA has previously been employed for in situ hybridization in combination with fluorescein and teuamethylrhodamine (Nederlof et al., 1989 (Nederlof et al., , 1990 . However, unlike the present study no attempt was made to observe single loci that were labeled with more than one probe. The first report showing immunocytochemical triple labeling of single cells using red, green, and blue fluorophores appears to be that of Rothbarth et al. (1978) . In that study, fluorescein, tetramethylrhodamine, and SITS Conjugates were employed to stain bone marrow cells using direct immunofluorescence. As mentioned above, SITS conjugates have been reported not to be satisfactory for staining tissue sections and therefore protocols using SITS appear not to be useful for many studies (Rothbarth et al., 1978) . However, the fluorophore-to-protein ratios of the SITS conjugates used in that study were low (2-3) and it may be worth re-examining the usefulness of SITS using more highly conjugated reagents.
Three-color immunofluorescence has been used to visualize multiple-labeling in at least two other studies (Meister and Hokfelt, 1988; Staines et al.. 1988 ). The methods used in those studies have both similarities to and differences from the present method. As in the present case, the primary antibodies were raised in different species. However, unlike the present case the secondary antibodies were conjugated with fluorescein, Tcxas red or tetramcthylrhodamine, and biotin. The biotinylated secondary antibody was subsequently visualized using avidin conjugated with the blue fluorophore diethylaminocoumarin. In the present study the blue fluorophore AMCA was coupled directly to the secondary antibody. Therefore, the present method has the advantage of avoiding the additional steps ofincubating with the avidin conjugate and performing the subsequent Considering the red-emitting fluorophore of the staining protocol, has the advantage of k i n g ktter suited to the excitation parameters of our rhodamine filters than Tcxas red (Titus et al., 1982) . In addition, lissaminc rhodamine is less likely to mimic the emission of fluorescein than tetramcthylrhodamine (Figure 2 of the present study); given its shortcomings, the latter should be avoided for studies of coexisting ncurotransmitters. Whereas lissaminc rhodamine-conjugated SWAG dried on a glass slide could very faintly appear green using the filters forfluorcsccin and fluorescein-conjugated SwARb could faintly appear red using the rhodamine filters. these artifacts were not noted in immunocytochemical tests using tissue. The reason for this discrepancy may be that the background staining of the tissue was brighter than the artifactual signal. If this is the reason, it suggests that structures in tissue that were very strongly stained with fluorescein could appear red and suuctura very strongly stained with lissamine rhodamine could appear green using the present microscope filters.
Simultaneous immunocytochemical triple labeling has been accomplished by other means than combinations of red, green. and blue fluorophorcs. Triple labcling of bone marrow cells has been performed by combining the fluorophores fluorescein and tctramethylrhodaminc with a colloidal gold marker (Van Dongcn et al., 1985) . The fluorescent markers were visualized using standard techniques; the colloidal gold marker was visualized with polarized light. H o w e r , it is unclear whether colloidal gold would penetrate well enough through tissue to allow it to be applicable to the staining of tissue sections.
Simultaneous immunocytochemical triple labeling has also been accomplished using immunocnrymc techniques. often by combining diaminobcnzidine with other chromogens (van der Loos et al., Claasscn et al., 1986; Nakane, 1968 ). These methods have at least two advantages compared to multicolor immunofluorescence: (a) case of examination (because transmitted brightfield illumination can bc used) and (b) ability to visualize the immunomctivity for all substances simultaneously. However, the presence of r Figure 11 . Test of the affinity of the SP antibody for "inappropriate" neurotransmitters using absorption controls. (Con) Control section of rat spinal cord dorsal horn (segment T2) singly stained for SP as described under Materials and Methods. (+SP) Section stained using rat anti-SP lo which SP peptide (10 pg/ml diluted antibody) had been added. Note abolition of staining. (+SHT/ENK) Section stained using rat anli-SP to which SHT-BSA conjugate (10 pg 5HT equivalents/ml diluted antibody) and ENK peptide (10 vg/ml diluted antibody) had been added. Staining appeared to be unaffected. (+SHT/ppT) Section stained using rat anti-SP antibody to which LHT-BSA conjugate (10 pg LHT equivalents/ml diluted antibody) and ppT peptide (10 pg/ml diluted antibody) had been added. Staining appeared to be unaffected. Bar = 100 pm. diaminobenzidine reaction product can block labeling by other enzyme reactions in the same structure (McGinty and Bloom, 1983) . Thus, although these methods are excellent for mamining the morphological relationships between cells containing different substances, they are less satisfactory than immunofluorescence for studies of coexisting substances.
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Characterization of Three-color Immunofluorescence
Staining methods using multicolor fluorescence microscopy require careful characterization if the staining is to be validly interpreted (Wessendorf, 1990; Meister and Hokfclt. 1988; Stlines et al.. 1988; Costa et al., 1986; Wessendorfand Elde, 1985; Erichsen et al.. 1982; Grimmelikhuijzen et al., 1982) . However, if characterization is approached in a systematic manner one can test for almost any conceivable artifact (Wessendorf, 1990; Wessendorf and Elde, 1985) . In characterizing the protocols of the present study, it was assumed that in any system of multicolor fluorescence immunocytochemistry there are three artifacts that can imitate coexistence: (a) lack of Specificity of the fluorophores, (b) lack of specificity of the secondary antibodies, and (c) lack of specificity of the primary antibodies (Wessendorf. 1990; Costa et al.. 1986; Wessendorfand Elde, 1985) . Characterization of the present methods was performed by addressing these three issues sequentially. First, the specificity of the fluorophores was tested. Having established the specificity of ENK 5HT I 5HT Figure 12 . Test of the affinity of other primary antibodies for rat anti&? Single sections of rat medial habenula that have either been triply stained for SI? ENK. and 5HT (left) or for SP, ppT, and 5HT (right). Photomicrographs show staining appearing using filters for AMCA (SP), fluorescein (ENK or ppT), and rhodamine (5HT). If other primary antibodies had affinity for rat antiSF multiple labeling would beexpected. Note that in both cases the tissue is labeled only for SI? Bar = 100 pm.
the fluorophores, the specificity of the fluorophore-conjugated secondary antibodies could be tested. Once the specificity of the secondary antibodies was established. it was possible to use those reagents to test the specificity of the primary antibodies. The characterization employed in the present study examined these issues in neural tissue rather than in a model system, such as that employed by Shipper and Tilden (1983) . This strategy was used to allow the system in which the characterization was performed ' The number of processes immunoreactive for SHT, SP. ppT. or ENK in comparable fields of tissue that had either been stained for one substance alone or had been triply stained for either IHT. SP. and EM( or IHT. SP. and ppT. Processes were counted using a computer-misted image analysis system (see Materills and Methods). Presence of fewer stained structures in triply stained tisue than in singly stained tissue suggests the pibility of fake negatives. pt0.05 compared to singly stained tissue. **w0.01 compared to singly stained tissue.
to resemble as closely as possible the system in which the technique was experimentally employed. One artifact that was previously suggested as possible in two-color immunofluorescence, that of one of the primary antibodies dissociating and binding to one of the secondary antibodies (Wessendorf and Elde, 1985) , on kinetic grounds appeared to be unlikely. Therefore, no specific control was performed to test for that possibility. Howevcr, the presence of structures that were singly labeled amid doubly and triply labeled structures strongly argues that this artifact did not occur (Figures 3, 5 , and 6).
As discussed above, it appeared possible to view selectively the three fluorophores used in these studies. In addition, the secondary antibodies appeared neither to crossreact with an "inappropriate" primary antibody nor to have affinity for each other. Other studies have sometimes reported crossreactivity (Grimmelikhuij-Zen et al., 1982) , and given this possibility it might be argued that the technique of direct immunofluorescence (in which primary antibodies are themselves conjugated with fluorophorcs and secondary antibodies are not used) may be preferable in studies of coexisting neurotransmitters. Direct immunofluorescence has been used successfully for multicolor applications (see, e.g., Rothbarth et al., 1978; Hiramoto et al.. 1961; Scott, 1960; Silverstein, 1957) . However, direct immunofluorescence has been reported to be less sensitive than indirect immunofluorescence (Vandesande, 1979; Pressman et al., 1958; Coons, 1956) . Therefore, the choice between direct and indirect immunofluorescence may involve weighing the benefit to specificity against the cost to sensitivity. Alternatively, if crossreactivity among secondary antibodies were to be apparent, it might be preferable simply to affinity-purlfy the secondary antibodies lGrimmelikhuijzen et al., 1982).
Determining whether any of the primary antibodies crossreact with one of the "wrong" neurotransmitters is the most complicated portion of the characterization procedure. To do so, all the various primary antibodies must be tested for their ability to strain in regions in which one and only one of the transmitters occurs. (Alternately, more than one substance can occur in a region as long as they occur in morphologically distinct structures, e.g., occurrence in cell bodies as opposed to nerve fibers.) It is not sufficient merely to know that a region stains immunocytochemically for one and only one of the transmitters. One seldom knows whether immunocytochemical staining represents the bona fide neurotransmitter (see, e.g., Elde, 1983 or Van Leeuwen, 1980 , and crossreactivity can be tested only by attempting to stain the bona fide substance. The following criteria were used in the present study as sufficient for establishing the presence of bona fide neurotransmitter. First, immunoreactivity for the neurotransmitter must be present, Second, a different, independent means must have established the likelihood that the transmitter is present in that region. For IHT, this second means was Falck-Hilarp histofluorescence (Dahlstrom and Fuxe, 1964) . For SP and ENK, it was in situ hybridization (Warden and Young, 1988;  Harlan et al., 1987) . For ppT, it was the presence of immunoreactivity for TRH, a substance coded for by the same gene as ppT (Lcchan et al., 1986;  Lechan and Jackson, 1982; Hokfelt et al., 1975) . As tested by staining, it appeared unlikely that structures triply labeled for 5HT, SP, and ppT were an artifact of crossreactivity of the primary antibodies. The antiserum to 5HT did not appear to recognize SP or ppy similarly, the antibody to SP did not appear to recognize 5HT or ppT, and the antiserum to ppT did not appear to recognize 5HT or SP. In addition, no evidence of crossreactivity among the primary antibodies was observed in the heterologous absorption controls. Although perhaps not as conclusive as the direct test of staining, the heterologous absorption controls add supportive evidence that multiple labeling was not the result of crossreactivity by the primary antibodies.
Similarly, in the case of triple staining for SHT, SP, and ENK, it appeared unlikely that the antibodies to 5HT or ENK recognized the other substances being localized (SP and ENK, and 5HT and SP, respectively). Furthermore, it appeared that the antibody to SP did not recognize 5HT (see above). However, it did not appear to be possible to test in a similar fashion whether the antibody to SP recognized ENK. Expression of the gene coding for ENK appears to occur frequently in regions in which the gene for SP is also expressed (Warden and Young, 1988;  Harlan et al., 1987) , and thus the presence of SP labeling appearing in one of these regions would not necessarily be evidence of crossreactivity. Although possibly not as conclusive as direct testing, heterologous absorption controls were also performed in which ENK was added to the SP antibody. No effect on staining was observed. Because absorption controls appear capable of detecting crossreactivity of antibodies for unrelated antigens (Berkenbosch and Steinbusch, 1987; Berkenbosch et al., 1986; Ju et al., 1986 ), it appears likely that the antibody to SP did not recognize ENK. Thus, the triple labeling observed for IHT, SP, and ENK probably is not an artifact of crossreactivity by one of the primary antibodies for one of the other transmitters being localized.
In light of these results, it appears unlikely that the coexistence that was observed in this study is, e.g., an artifact of the anti-5HT recognizing substance P. Howevcr, it is possible that a substance exists that is neither 5HT, SP, ENK, nor ppT* and with which two or more of the various primary antibodies crossreact. If this were the case, artifactual multiple labeling could result. In some instances it is possible to argue that this circumstance is unlikely. For instance, in the ventral horn of the spinal cord SP appears to occur in virtu-ally all 5HT fibers (Wessendorf and Elde, 1987b) . For this observation to be the result of the above artifact, virtually all 5HTstaining would have to be the result of crossreactivity. The latter appears unlikely, since Falk-Hilarp histofluorescence shows a similar abundance of 5HT staining in the ventral horn (Fuxe, 1965) . The same argument can be made against that artifact resulting in fibers doubly stained for 5HT and ppT, because 5HT and TRH stain in a similar pattern to 5HT and ppT (Wessendorf and Elde, unpublished observations) . However, it may not always be feasible to control for this artifact using histochemical arguments. In such instances it may be worth using biochemical techniques to explore these questions (Schueler et al., 1986; Kakita et al., 1982) .
False Negatives
The experiments discussed thus far addressed whether the triple labeling obtained was artifactual, i.e., whether there were false positives. In addition, a second issue was addressed: whether the lack of triple staining might be artifactual, i.e., whether there were false negatives. The potential for false negatives to generate spurious results appears to have been untested in previous immunofluorescence studies. In both systems that were examined (5HT/SP/ENK and 5HT/SP/ppT), instances of significant differences were found between the number of immunoreactive structures observed as compared with singly labeled controls. This suggests that false negatives could occur in using the present staining systems. However, in considering the matter of false negatives it should be noted that the numbers of immunoreactive structures were counted using a computer-assisted image analysis system. This employed a siliconintensified target video camera as a detector, with immunoreactive structures being defied as having intensity greater than a set threshold level. Use of a computerized system was necessary to count the number of fluorescently labeled structures accurately. However, different detectors may have differing abilities for detecting immunoreactive structures (Wessendorf, 1990) . Although the present results suggest that false negatives would need to be considered when using the computerized image processing system, it is possible that the conclusions that would be drawn using the human eye might be different. Thus the likelihood of false negatives could be differenteither of greater or lesser magnitude -when staining is evaluated by eye.
False negatives would affect the conclusions of this study most seriously if they biased its sample. For example, although most 5HTstained processes in the ventral hom were also stained for ppT, it is possible that ppT does not coexist with 5HT in the 16% of ventral horn 5HT processes that stain most faintly (and thus presumably would not have been observable in the triple-labeling experiments). Similarly, although double labeling of processes for 5HT and ENK was rare in the present study, it is possible that 5HT coexists with ENK in all of the 19% of ventral hom ENK processes with the weakest staining. It should be noted, however, that if coexistence occurred randomly with respect to the intensity of staining, the error introduced into this study by false negatives would be negligible. At present we have no data that would allow us to determine whether or not our sample was random. However, the fact that other groups have found little coexistence of 5HT and ENK in spinal cord ventral horn (lbhiro et al., 1988 ; see below) suggests that the sample was not biased.
Coexistence of SHT with Other Neurotransmitters
In this study it was frequently observed that the same neuronal somata in the brainstem and the same neuronal processes in the spinal cord ventral hom and intermediolateral nucleus were stained for ppT3 SHT, and SP. These findings confirm and extend previous studies on the coexistence of neurotransmitters with 5HT (Sasek et al., 1990; Staines et al., 1988; Johansson et al., 1981) , and suggest that the coexistence of SHT, SP, and ppT (and thus presumably of thyrotropin-releasing hormone as well) is associated with somatic and autonomic motoneurons. Brainstem neurons were occasionally triply stained for ENK, 5HT and SP, agreeing with and extending previous reports of coexistence of 5HT and ENK in that region (Hunt and Lovick, 1982; Glazer et al., 1981; Millhom et al.. 1979) . However, processes triply labeled for ENK, SHT, and SP or doubly labeled for 5HT and ENK were never observed in the ventral hom and only rarely observed in other portions of the spinal cord. This conflicts with the report of lishiro et al. (1988) in cat, wherein coexistence of 5HT and ENK was observed in the dorsal horn and intermediate gray.
To an extent, the rarity of processes stained for both 5HT and ENK must be interpreted conservatively, since it is possible that our sample was biased by false negatives (see above). However, at a minimum these results suggest that the coexistence of ENK, 5HT, and SP is a much less prominent feature in the ventral horn of the rat spinal cord than coexistence of ppT, 5HT, and SP. The coexistence of neurotransmitters in this system may relate in part to the dfects of those neurotransmitters upon post-synaptic neurons. For instance, 5HT, SP, and TRH appear to coexist in the ventral horn, and all of these substances have been reported to have excitatory effects on motoneurons (White, 1985) . In contrast, ENK has been reported to have inhibitory effects on motoneurons (Suzuki et al., 1986) , and the coexistence of ENK with 5HT appeared to be rare. Therefore, the coexistence of a neuropeptide with 5HT may reflect that the neuropeptide has a similar action to that of serotonin.
